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Pa':  experience  has  shown  that  there  b  a  great  need  to  protect  the  individual  combat  soldier  from 
vector-borne  diseases.  Because  of  the  unique  problems  encountered  in  combat,  persona?  protection  of  the  individual 
has  proven  to  be  'he  most  practical  means  of  reducing  vectored  diseases.  Many  different  chemical  repellent*  and 
barrier  devices  have  been  used,  but  all  of  them  have  failed  to  provide  the  necessary  level  of  protection 

Wide  mesh  netting  treated  with  a  “space  repellent”  such  as  diethyl  toluamidc  was  found  to  provide 
excellent  protection  from  biting  insects.  The  netting  excluded  insects,  but  allowed  air  to  move  in  sufficient  amount* 
for  good  ventilation  Both  heating  and  sight  were  improved  over  old  style  netting  Specific  tests  on  bed  nets  revealed 
that  both  100  percent  cotton  and  50  percent  cotton/50  percent  polyester  fabrics  withstood  three  to  fire  years  in 
storage  with  little  loss  in  tensile  strength.  Exposure  to  the  environment  fot  up  to  six  weeks  did  not  visibly  increase 
deterioration  rime  Both  types  of  fabric  appeared  acceptable  with  respect  to  life  expectancy  in  storage  and  field  me.  (U) 


DD  ,FrJ473  (PAGE  n 

S/N  0102*  0J4. 6700 


UNCLASSIFIED 

Secantv  CI»ssiftc=sioB 

B-23S5S 


An  Innovation  in  Mosquito-borne 
Disease  Protection 

ICDJt  Jtognr  H.  Crothovs,  MSC,  OSN* 

CAW  Jrat  F.  Adams,  MC,  USN** 


S*priot«4  free 

Military  Medicine 

icuTtt  ii?  MAY  1972  « 


With  the  advent  of  World  War  II,  tbe  American  military 
establishment  found  itself  poorly  prepared  to  cope  with  the 
disastrous  problem  of  veclor-bome  diseases.  During  tbe  first 
-Solomon  Islands  offensive,  tbe  1st  Marine  Division  bad 
10,635  casualties  from  7  August  to  10  December  1942;  only 
1,472  were  from  gunshot  wounds.  Five  thousand  seven  hun¬ 
dred  forty-nine  men  were  put  out  of  action  by  malaria.  Tbe 
United  States  Army  also  suffered  great  losses  to  malaria.  It  is 
estimated  that  tbe  time  lost  by  Army  combat  personnel  in 
the  Pacific  Theater  amounted  to  10,140,372  man  days.  Tbe 
United  States  Navy  reported  11,272  cases  in  its  personnel.1 

When  military  commanders  realized  the  magnitude  of 
their  problem,  specific  steps  were  taken  to  break  the  cycle  of 
transmission  between  man  and  mosquitoes.  Malaria  control 
units  of  different  types  were  established,  and  entomologists 
were  quickly  located  and  directed  to  work  on  the  problem.  It 
was  during  tins  period  that  military  entomology  became  a 
distinct  and  unique  specialty. 

The  success  of  military  entomology  was  best  attested  by 
Rear  Admiral  Lamont  Pugh,  MC,  USX,  who  said,  “the 
anti-malaria  unit  was  responsible  for  tbe  implementation  of  a 
(irogram  in  the  South  Pacific  which  conserved  more  man¬ 
power  and  perhaps  saved  more  lives  than  all  the  surgeons  in 
the  Armed  Forces  combined.’’1  The  spectacular  results  of  the 
preventive  medicine-entomology  effort  caused  the  military 
establishment  to  commission  both  operational  and  research 
units  devoted  to  protesioo*  US  forces  from  vector  bontc  dis¬ 
ease. 

Rnanorch  and  Drag  Therapy 

After  World  War  II,  research  on  insect  vectors  continued 
at  a  steady  pace.  American  forces  were  tasked  with  global 
responsibilities  and  were  exposed  to  almost  every  known  vec¬ 
tor-borne  disease.  Major  research  effort  was  directed  toward 
malaria  because  of  the  historical  impact  of  the  disease  on 
military  operations.  The  development  of  a  preventive  drug 
regimen  for  malaria  was  a  direct  result  of  continued  re¬ 
search.  This  drug  regLnen  was  undoubtedly  responsible  for 
the  virtual  nonexistence  of  malaria  in  Korea.  Tbe  savings  in 
manpower  and  life  in  this  military  conflict  more  than  justi¬ 
fied  the  cost  of  the  research  involved  in  developing  the  drug 
prophylaxis  and  suppressant. 

Unfortunately,  the  success  of  am'mularial  drugs  somewhat 
dolled  tbe  emphasis  on  mosquito  protection  and  control  tech¬ 
niques.  Even  though  most  authorities  considered  tbe  Culid- 
clar  to  be  the  single  most  important  family  of  arthropods  in 
the  world,  vector  research  moved  forward  at  a  rather  routine 
pace  with  no  peat  degree  of  urgency.*-”  Progress  has  been 
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made  in  '.oilitaty  entomology,  but  much  of  tbe  basic  informa¬ 
tion  has  yet  o  be  applied  to  actual  field  use.  Military  ento- 
mologis's  have  learned  through  experience  that  transmission 
of  mosquito-borne  pathogen*  is  greatly  increase*!  in  areas  ex¬ 
posed  to  tbe  chaos  of  combat.  It  has  also  been  learned  that 
mosquito-borne  diseases  are  best  cUiUoSled  by  breaking  the 
cycle  of  transmission  through  control  or  personal  protection. 
In  combat  operations,  medical  reserves  are  heavily  commit¬ 
ted  and  it  becomes  impossible  to  “clinically  dear”  tbe  hu¬ 
man  reservoir  in  single  host  diseases  Considerable  progress 
has  been  made  in  developing  control  techniques  in  noocoui- 
bat  situations.  However,  these  techniques  have  not  .always 
proven  acceptable  in  military  situations.  Because  of  tbs 
problems  involved  in  combat  situations,  special  equipment 
has  been  developed  to  provide  the  desirable  level  of  control. 
Development  of  aerial  spray  systems  for  the  rapid  treatment 
of  large  areas  is  one  of  the  control  techniques  which  shows 
much  promise  for  the  military  establishment/  The  develop¬ 
ment  of  personal  protection  techniques  has  been  another 
means  of  breaking  the  transmission  cycle  of  diseases  such  as 
malaria.  The  most  commonly  used  protective  items  in  the 
field  have  been  bed  nets  and  repellents. 

Personal  Protection  Techniques 

In  the  current  conflict  in  Southeast  Aria,  the  development 
of  drug  resistance  by  the  species  PtcsmoSum  feki^nm  has 
caused  pH  and  sUodttl  iuapGstimv  io  be  placed  on  the  use 
of  personal  protection  techniques  and  mosquito  control.  The 
problem  has  been  further  complicated  by  the  change  in  the 
type  of  warfare  encountered.  Area  control  has  proven  diffi¬ 
cult  without  stable  "front  lines.”  Chemical  treatment  and 
ecological  manipulation  of  breeding  areas  can  not  be  com¬ 
pletely  accomplished  without  total  and  continuous  access  to 
the  territory  involved.  In  addition,  field  personnel  have 
found  it  difficult  to  maintain  acceptable  levels  of  repellent  on 
the  exposed  portions  of  the  body,  and  standard  bed  and  brad 
nets  have  been  found  to  be  inconvenient  and  uncomfortable* 
Past  experiences  have  shown  that  tbe  use  of  nets  and  protec¬ 
tive  clothing  is  of  little  value  in  reducing  malaria  under  pa¬ 
trol  conditions.1* 

Beginning  1965-66  the  Naval  Medical  Field  Research 
Laboratory  began  plating  major  emphasis  on  mosquito- 
borne  disease  control,  with  the  goal  u!  solving  some  of  the 
problems  occurring  in  Southeast  Asia.  Considerable  prioritv 
was  placed  on  developing  protective  devices  that  would  have 
a  high  degree  of  troop  acceptability  and  still  maintain  a  high 
degree  of  mosquito  repeliency.  The  laboratory's  initial 
“break-through"  occurred  when  the  US  Department  of  Agri¬ 
culture.  Agricultural  Research  Service  Laboratory  at  Gaines¬ 
ville.  Florida,  began  reexamination  of  their  repellent  pro¬ 
gram  and  started  a  south  for  chemicals  that  would  be  effec¬ 
tive  at  a  distance.  These  chemicals  became  known  as  "space 
repellents.’'  Various  ways  were  devised  to  use  tbe  chemicals. 


(tut  the  most  promising  na<  with  wide  roe~h  cotton  netting/ 
Presently,  thr  mtist  commonly  wed  mosquito  netting  has  S- 
11  threads/cm  (21-2S  mesh/in).  The  wide  mesh  nets  cur¬ 
rently  1  wins  tested  are  0.635  cm  or  four  mesh/ini.  The 
standard  small  mesh  netting  |>rohibits  the  flow  of  air,  inter¬ 
feres  with  sight  anti  reduces  hearing,  ali  of  which  limits  troop 
acceptability.  The-  wide  mesh  netting  concept  involves  the 
utilization  of  the  materia!  in  the  netting  as  a  reservoir  for 
the  chemirai  repellent,  which  produces  a  vajior  liarrirr  be¬ 
tween  the  openings-  The  most  successful  combination  ha- 
been  four-mesh  Conor,  netting  weighing  more  than  0.0077 
gm  cm\  The  repellents  currently  available  have  not  proven 
effective  in  protecting  openings  greater  than  0.655  cm:  how¬ 
ever.  netting  of  this  type  allows  air  to  move  in  amounts  suffi¬ 
cient  for  good  ventilation.'  Itecau-c  of  the  advantages  of  the 
new  netting  several  research  groups  have  been  working  on 
different  items,  including  mosquito  net  jackets/ 
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Materials  and  Methods 

Tiie  task  of  ikvclnping  practical  field  items  using  nidi 
tiiesh  netting  involved  two  research  procedures.  t  hit-  series  of 
tests  was  needed  to  determine  the  Inst  ty|ie  of  fabric  for  use 
by  the  military.  The  second  study  was  ik-signed  to  locate  an 
acceptable  chemical  for  use  on  the  nets.  The  [m>jeci  was  or* 
ganizeii  si  tliat  lmth  test  phases  intcrlocKed.  resulting  in  sav¬ 
ings  of  Imth  manpower  and  time. 
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Initial  studies  revealed  tint  synthetic  fabrics  were  not  ac¬ 
ceptable,  because  they  failed  to  absorb  the  required  volume 
of  repellent  during  impregnation.  Some  work  was  attempted 
with  nylon  impregnation  while  the  nylon  was  still  in  a  liquid 
state.  When  this  form  of  treatment  was  utilized,  the  repel¬ 
lent  was  rot  released  and  the  proper  vapor  hairier  was  not 
achieved.  For  this  reason,  nets  used  in  the  field  tests  were  of 
two  basic  types.  The  first  type  of  net  was  100  |ier  cent  cot¬ 
ton.  Both  knotted  (fishnet)  and  pressed  cotton  were  studied 
The  second  net  type  was  comiwsed  of  SO  per  cent  cotton  and 
50  per  cent  polyester  fiber  ( Fig.  1 ).  It  was  hoped  that  this 
material  would  prove  to  have  adequate  tensile  strength  and 
storage  life  and  still  retain  the  required  level  of  repellent. 

The  storage  life  of  the  different  types  of  material  was 
tested  by  placing  .ted  and  untreated  nets  in  plastic  bag- 
and  storing  them  at  room  temperature.  The  nets  were  re¬ 
moved  periodically  from  1966  to  1971  and  examined.  Some 
nets  were  reintroduced  into  the  field  rejtellency  tests  to  ob¬ 
tain  observed  data  on  their  ability  to  withstand  troop  use. 
One  scries  of  nets  was  exjwsed  to  the  outside  environment 
for  five  weeks  before  packaging.  They  were  exposed  to  a  to¬ 
tal  of  75.4  cm  of  rain  during  this  period.  Another  series  of 
net#  was  expo'Ctl  to  outside  air  for  six  weeks  and  then  pack¬ 
aged. 

Field  tests  against  wild  mosquitoes  were  conducted  by  falv 
ricating  the  various  types  of  netting  into  standard  taxed  mili¬ 
tary  lied  nets  (Kg.  2).  Each  type  of  net  was  compared  with 
the"  other  type  when  a  specific  repellent  was  being  tested.  All 
series  contained  untreated  net?  as  checks.  1  hiring  the  field 
tests,  groups  of  men  were  taken  to  areas  containing  high 
numiiers  of  mosquitoes.  Each  man  erected  his  net  so  that  all 
nets  were  in  a  straight  line,  upwind  from  the  mosquito  rest¬ 
ing  areas.  The  men  entered  their  nets  about  one-half  hour 
lirfore  sunset  and  remained  there  until  one  hour  after  sunset, 
since  this  was  the  peak  mosquito  activity  period.  Each  man 
used  a  small  pen  light  ami  an  aspirator  to  collect  the  mosqui¬ 
toes  that  entered  his  net.  Collections  we  e  marie  in  incre¬ 
ments  of  15  minutes.  One  man  served  as  an  outside  control 
during  each  series  of  tests.  All  of  the  mosquitoes  were  identi¬ 
fied  a#  to  species.  The  total  per  cent  effectiveness  of  the  nets 
was  obtained  hy  comparing  the  net  data  with  the  outside 
control  data 

The  total  length  of  each  field  test  was  somewhal  variable, 
because  of  the  fluctuation  of  the  mosquito  population.  The 
tests  were  designed  to  run  one  night  a  week  for  six  weeks, 
provitled  mosquitoes  were  present.  The  six  weeks  time  (wriod 
was  chosen  rathe:  arbitrarily,  hut  it  seemed  reasonable  to 
conclude  that  net#  anti  chemicals  would  have  to  survive  for 
this  minimum  twriod  before  they  could  fie  considered  for  mil¬ 
itary  me.  Chemicals  that  showed  much  promise  during  their 
fir*t  screening  were  held  over  for  the  next  summrr's  study. 
In  this  way.  long-lived  repellent#  were  given  adequate  expo- 
-are.  Items  other  than  lied  net?  have  been  fabricated  anil 
te.-ted  with  the  same  basic  procedure  a#  that  used  in  the  bed 
net  studies. 

Discussion 

The  studies  involving  “net  life”  were  oriented  to  provide 
the  au'hors  with  some  insight  into  the  problems  that  might 
be  encountered  in  standardizing  such  items  at#  bed  nets.  Shelf 
life  of  the  items  ras  of  prime  consideration.  One  hundred  per 
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cent  knotterl  cotton  nets  placed  in  storage  in  19o»  v'ert-  >ti ■? 
visibly  unchanged  and  usable  in  1971.  These  nets  lost  little 
or  no  tensile  strength  during  the  five-year  storage  (K-riod. 
The  nets  in  this  series  were  treatetl  with  X.  N-diethyl-iw-ta- 
ioltiamide  before  storage.  It  i#  not  known  if  this  re|iellent 
enhancetl  the  life  of  the  netting.  More  importantly,  the 
chemical  did  not  ap)iarentiy  accelerate  tletrrioration  of  the 
fabric.  Several  nets  stored  for  three  to  four  years  were  re¬ 
moved  and  used  in  field  tests  to  see  if  they  would  withstood 
troop  handling.  All  nets  to  tlate  have  remained  unharmed  af¬ 
ter  10  to  IS  nights’  u#e.  Nets  exposed  to  the  external  envi¬ 
ronment  were  fount#  io  be  unharmed  after  three  years  in 
storage.  The  50/50  nets  were  placed  in  the  program  in  1969, 
and  hive  exhibited  no  lietcrioration  or  other  undesirable 
characteristics.  Pressed  cotton  nets  were  fount!  to  jwrfonn 
adequately  under  research  conditions.  Inn  did  not  withstand 
excessive  troop  handling-  The  |#ressed  nets  were-  jnilletl  and 
the  even  spacing  of  the  threads  was  disrupted  under  rough 
handling. 

Most  of  the  bed  nets  used  in  the  storage  tests  were  those 
that  had  been  treated  and  replaced  in  plastic  bap  at  the  end 
oi  a  partirubr  season.  With  some  repellents,  especially  X.  N- 
diethyl-mela-toluamide,  the  surfaces  of  the  enamel-painted 
storage  shrives  were  damaged  by  the  nets.  The  plastic  bags 
jiermitted  vapor  to  escape,  whkh  caused  the  paint  to  disinte¬ 
grate.  The  standardizing  of  these  nets  using  this  chemical 
will  require  packaging  designed  to  avoid  the  release  ot  the 
repellent. 

Several  chemicals  have  hem  tested  and  found  to  provide 
excellent  results.  The  authors  have  selected  one  chemical  as 
the  recommended  repellent  for  lied  net*.  This  chem>ca!.  di¬ 
ethyl  toluamide.  is  currently  m  the  militaiv  supply  system.  It 
i‘  used  a«  a  skin  repellent  and  i#.  therefore,  available  to  the 
field  soldier.  The  availability  of  this  repellent  in  the  field  in¬ 
sure#  that  it  wiil  be  possible  to  re-treat  the  nets  when  nice#- 
■ary.  The  use  of  diethyl  tohiamide  as  a  space  net  repellent 
was  studied  in  over  40  tests  (Table  II.  Net#  containing  this 
chemkal  were  9S.5  per  cent  effective  for  a  four  to  six- week 
period.  In  one  test,  two  treated  nets  were  tested  for  six  weeks 
and  repackaged  until  the  next  summer,  when  they  were  again 
tvsted  against  field  mosquitoes.  Both  nets  provided  over  90 
per  cent  effectiveness  for  four  week*.  Bed  nets  treate#!  with 
diethyl  toluamide  effected  good  repeffency  response  fror  all 
of  the  mosquito  species  encountered  (Table  Ilf.  fkwne  work 
with  this  combi  nation  has  been  conducted  in  the  tropics  I)i- 
ethvl  toluamide  treated  nets  were  ured  in  Thailand  anti 


TAXI  N 


MOttUtTO  SMCXS  KNOWN  TO  M  MTCUfO  tr 
WNUNt-TRIATtO  WIOC  MtSH  NtTTINO 


(knu*  Specks 

<knus  Specks 

A  dies  oilaniitm 

Amplifies  batberi 

(dKJtlcHsit 

•rations 

tintfus 

quadtimeinlalns 

fnhns  pollens 

CtUex  erralUns 

in  tern  atm 

ttigtipalpns 

seUidUns 

pi  pirns  quinquef on  tains 

UmiorhyTU  kns 

sal  inarm 

ts 'ZOMS 

canfinnh 

Jertz 

found  to  provide  complete  protection  for  Acdes  tegypii  and 
Cider  pifiau  qtanquejasciaius  for  16  to  17  weeks.4  The  ex¬ 
act  life  of  the  repellent  was  not  determined  during  the  re¬ 
search  period,  because  the  repel  lency  response  differed  with 
different  species.  Temperature  and  other  climatic  factors  also 
affected  the  life  of  the  chemical.  The  data  did  indicate  that 
re-treatment  every  two  months  would  provide  almost  com¬ 
plete  protection. 

Preliminary  results  have  indicated  that  the  proper  net- 
chemical  combination  will  provide  acceptable  protection  in 
almost  any  configuration.  Head  nets  were  tested  (Fig.  3) 
and  provided  acceptable  mosquito  protection,  while  greatly 
improving  sight,  bearing  and  general  comfort.  Drop  nets  for 
tents,  bunkers  and  other  field  shelters  have  abo  been  de¬ 
signed  (Fig.  4),  but  have  not  been  tested  fee  effective  fife. 
Mosquito  shirts  were  constructed  of  the  50/50  fiber  and 
were  found  :o  prevent  biting,  but  field  troops  had  some  diffi¬ 
culty  moving  through  heavy  brush.  There  shirts  were  found 
to  be  particularly  desirable  to  radio  operators,  because  the 
net  effectively  covered  the  radio,  making  it  extremely  diffi¬ 
cult  to  locate  through  field  glasses.  Additional  tests  using  di¬ 
ethyl  toluamide  treated  shirts  (body  nets)  were  conducted 
in  Gatnbela.  Ethiopia,  during  1970.  The  nets  provided  ex¬ 
cellent  protection  against  Ctdrx  tathutatus  wars,  Mensonie 
afrkenns.  if.  tcmjormis.  A eirs  albothonx  and  A.  rkttmln- 
trains.  The  members  of  the  field  research  team  utilised  the 
body  net  for  sleeping  at  times,  and  found  that  it  provided 
good  protection  without  being  objection al  from  a  comfort 
standpoint.  The  team  dk)  find  some  objection  to  the  odor 
when  the  shirts  were  worn  in  a  closed,  hot  trank. 

Past  experience  has  shown  that  there  is  a  great  need  to 
protect  the  individual  combat  soldier  from  vector-borne  dis¬ 
eases.  Because  of  the  unique  problems  encountered  in  com¬ 
bat,  {irrsona!  protection  of  the  individual  has  proven  to  be 
the  most  practical  means  of  reducing  vectored  diseases. 
Many  different  chemical  repellents  and  barrier  devices  have 
been  used,  but  all  of  them  have  failed  to  provide  the  neces¬ 
sary  level  of  protect  ion. 

Hide  mesh  netting  treated  with  a  “space  repellent"  such 
as  diethyl  tohamide  was  found  to  provide  excellent  protec¬ 


tion  from  biting  insects.  The  netting  excluded  insects,  but 
allowed  air  to  move  in  sufficient  amounts  for  good  ventila¬ 
tion.  Both  bearing  and  sight  were  improved  over  old  style 
netting.  Specific  tests  on  bed  nets  revealed  that  both  100  per 
cent  cotton  and  50  per  cent  cotton/50  per  cent  polyester 
fabrics  withstood  three  to  five  years  in  Stonge  with  little  loss 
in  tensile  strength.  Exposure  to  the  environment  for  up  to  six 
weeks  did  not  visibly  increase  deterioration  time.  Both  types 
of  fabric  appeared  acceptable  with  respect  to  life  expectancy 
in  storage  and  field  use. 

Nets  treated  with  diethyl  toluamide  provided  excellent 
protection  against  all  mosquitoes  encountered.  Protection 
time  was  found  to  be  in  excess  of  six  weeks  without  re-treat¬ 
ment.  ?t  was  found  that  nets  could  be  stored  for  at  least  one 
year  and  still  retain  enough  repellent  to  provide  in  excess  of 
90  per  cent  protection.  Other  items,  such  as  head  nets  and 
shirt  nets,  were  found  to  provide  the  same  degree  of  protec¬ 
tion  as  the  treated  bed  nets.  Wide  mesh  netting  provided 
protection  equal  to  older  items  without  the  disadvantages. 
Increased  comfort,  sight  and  bearing  greatly  improved  troop 
acceptance  of  protective  items  constructed  of  wide  mesh  net¬ 
ting. 
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